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In Carsons’ 1926 article [1] on wave propagation on a wire above the ground, the impedance

of an overhead wire or pair of wires with ground return is derived, and expressed in terms of the

integral

J(p, q) = P + iQ =

∫

∞

0

(

√

µ2 + i − µ
)

e−pµ cos qµ dµ

with

r = a =
√

p2 + q2 ,

θ = φ = tan−1(q/p) .

The EMTP Theory Book [2], pp. 4-7 to 4-9, presents the equations stated to be used by

the Alternative Transients Program ATP (or Electromagnetic Transients Program EMTP) for this

impedance. The impedance expressions in [2] are not the sameas the expressions in [1], although

they are supposed to be. The main correction required to bring [2] into agreement with [1] is to

replace

sgn = (−1)[
n−1

4
mod 2] = 1, 1,−1,−1,−1,−1, 1, 1 . . . for n = 3, 4, 5, 6, 7, 8, 9, 10 . . .

as described just below Eq. (4.12) of [2], with

sgn = (−1)[
n+1

2
mod 2] = 1, 1,−1,−1, 1, 1,−1,−1 . . . for n = 3, 4, 5, 6, 7, 8, 9, 10 . . . ;

i.e., the sign of the terms in the series forb alternates every two terms rather than every four terms.

The expressions in [2] should be:

b1 =

√

2

6

1



b2 =
1

16

bn =
sgn

n(n + 2)
bn−2

c2 = 1.3659315 = ln
2

γ
+ 1 +

1

2
−

1

4

(γ is defined in [1] as 1.7811 and is Euler’s constant [γE = 0.57722] exponentiated:γ = eγE )

cn = cn−2 +
1

n
+

1

n + 2

dn =
π

4
bn

sgn = (−1)[
n+1

2
mod 2] = 1, 1,−1,−1, 1, 1,−1,−1 . . . for n = 3, 4, 5, 6, 7, 8, 9, 10 . . . .

Other corrections are simple typographic errors, and have been caught in other references [3]

to Carson’s formula. With corrections in red, the expressions for Carson’sP andQ in [2] should

be

P =
π

8
− b1a cos φ

+ b2

[

(c2 − ln a)a2 cos 2φ + φ a2 sin 2φ
]

+ b3a
3 cos 3φ − d4a

4 cos 4φ − b5a
5 cos 5φ

+ b6

[

(c6 − ln a)a6 cos 6φ + φ a6 sin 6φ
]

+ b7a
7 cos 7φ − d8a

8 cos 8φ − b9a
9 cos 9φ

+ b10

[

(c10 − ln a)a10 cos 10φ + φ a10 sin 10φ
]

+ b11a
11 cos 11φ

− d12a
12 cos 12φ − b13a

13 cos 13φ . . .

repeating in groups of four.

Q =
1

2
(0.6159315 − ln a) + b1a cos φ − d2a

2 cos 2φ + b3a
3 cos 3φ

− b4

[

(c4 − ln a)a4 cos 4φ + φa4 sin 4φ
]

+ b5a
5 cos 5φ − d6a

6 cos 6φ + b7a
7 cos 7φ

− b8

[

(c8 − ln a)a8 cos 8φ + φa8 sin 8φ
]

+ b9a
9 cos 9φ − d10a

10 cos 10φ + b11a
11 cos 11φ

− b12

[

(c12 − ln a)a12 cos 12φ + φa12 sin 12φ
]

+ b13a
13 cos 13φ

− d14a
14 cos 14φ + b15a

15 cos 15φ . . .

also repeating in groups of four. The term 0.6159315 is1/2 + log(2/γ), and theP andQ are the

terms inside the curly brackets of Eq. (4.11) of [2]. The typographical errors above were corrected

in [3] but not the ordering of signs in theb series.
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For reference, Carson’s equations [1] are (withr = a andθ = φ):

s2 =
1

1!2!

(r

2

)2

cos 2θ −
1

3!4!

(r

2

)6

cos 6θ +
1

5!6!

(r

2

)10

cos 10θ . . .

s′
2

=
1

1!2!

(r

2

)2

sin 2θ −
1

3!4!

(r

2

)6

sin 6θ +
1

5!6!

(r

2

)10

sin 10θ . . .

s4 =
1

2!3!

(r

2

)4

cos 4θ −
1

4!5!

(r

2

)8

cos 8θ +
1

6!7!

(r

2

)12

cos 12θ . . .

s′
4

=
1

2!3!

(r

2

)4

sin 4θ −
1

4!5!

(r

2

)8

sin 8θ +
1

6!7!

(r

2

)12

sin 12θ . . .

σ1 =
r cos θ

3
−

r5 cos 5θ

32527
+

r9 cos 9θ

3252729211
. . .

σ3 =
r3 cos 3θ

325
−

r7 cos 7θ

3252729
+

r11 cos 11θ

3252729211213
. . .

σ2 =

(

1 +
1

2
−

1

4

)

1

1!2!

(r

2

)2

cos 2θ

−

(

1 +
1

2
+

1

3
+

1

4
−

1

8

)

1

3!4!

(r

2

)6

cos 6θ

+

(

1 +
1

2
+

1

3
+

1

4
+

1

5
+

1

6
−

1

12

)

1

5!6!

(r

2

)10

cos 10θ . . .

σ4 =

(

1 +
1

2
+

1

3
−

1

6

)

1

2!3!

(r

2

)4

cos 4θ

−

(

1 +
1

2
+

1

3
+

1

4
+

1

5
−

1

10

)

1

4!5!

(r

2

)8

cos 8θ

+

(

1 +
1

2
+

1

3
+

1

4
+

1

5
+

1

6
+

1

7
−

1

14

)

1

6!7!

(r

2

)12

cos 12θ . . .

P =
π

8
(1 − s4) +

1

2

(

ln
2

γ
− ln r

)

s2 +
θ

2
s′
2
−

1
√

2
σ1 +

1

2
σ2 +

1
√

2
σ3 ,

Q =
1

4
+

1

2

(

ln
2

γ
− ln r

)

(1 − s4) −
θ

2
s′
4
−

π

8
s2 +

1
√

2
σ1 +

1
√

2
σ3 −

1

2
σ4 .

Fig. 1 compares the numerical results for0 < r <= 10 at θ = 2π/3 for the series in [1] with

the corrected series from [2].
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Figure 1: Comparison of results for Carson’s series atθ = 2π/3 (left) and the corrected EMTP
Theory Book series at the same value forφ (right). Terms up to and includingb23 were retained in
the series to get valid results to a = 10.

Python programs (and typeset LATEX) to calculate (and display) both Carson’s series and the

corrected EMTP Theory Book series are available from the author.

Comparison of the corrected EMTP Theory Book series and Carson’s series with the results of

ATP for the impedance of a single wire above the ground plane suggests that ATP in fact uses the

correct expressions, andnot what is described in the EMTP Theory Book. Regrettably, we have

been unable to obtain the source code for ATP to verify this inference.
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